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(54) MOVING APPARATUS WITH DRIVE POWER ASSISTING DEVICE AND MOVEMENT 
CONTROLLING METHOD 

(57) A moving apparatus is mainly driven by man 
power for a man to travel and provided with a drive 
power assisting device. The moving apparatus detects 
a travelling condition by detecting a speed of rotation of 
a rotating unit such as wheels without contacting the 
rotating unit, and permits the drive power assisting 
device to supply an assiting drive power to the rotating 
unit in accordance with a speed change information, 
which a driver issues on the basis of a travelling infor- 
mation detected, to thereby perform a smooth travelling 
even when travelling only by man power becomes diffi- 
cult. p|Q_-, 
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Description 

Technical Field 

This invention relates to a moving apparatus pro- 
vided with a drive wheel driven by human power 
(strength) and a movement control method for such a 
moving apparatus, and more particularly to a moving 
apparatus provided with a driving force assist device 
using chargeable secondary battery as drive source 
and adapted to carry out traveling by making use of 
drive force from the drive force assist device in addition 
to human power in dependency upon traveling state, 
and a movement control method for such a moving 
apparatus. 

Background Art 

Hitherto, as a moving apparatus adapted so that 
the drive wheel is driven by human power to carry out 
traveling, bicycles are widely used. 

In the bicycles, a person who operates the bicyde 
rides on the saddle to rotate the crank through the ped- 
als by leg-power of the driver (operator) or force applied 
onto the pedal by the driver (hereinafter referred to as 
step-on force as occasion may demand) to transmit, to 
the drive wheel, rotation of the crank through the drive 
force transmission mechanism such as chain, etc. so 
that traveling is carried out. 

In such cases that bicycle adapted for carrying out 
traveling only by human power as mentioned above 
comes to the ascending slope (rising hill), it would 
become difficult to carry out traveling only by human 
power. In view of the above, there has been proposed a 
bicycle provided with driving force assist device (unit) 
driven by the electric motor which assists leg-power or 
step-on force of the driver. Such a bicycle comprises, as 
shown in FIG. 46, a torque sensor 1 for detecting leg- 
power (step-on force) of the driver, a rotation sensor 2 
for confirming rotation of the pedal, and a control unit 3 
for controlling a driving force assist unit 4 on the basis of 
detection outputs of the torque sensor 1 and the rotation 
sensor 2. The control unit 3 defects the number of rota- 
tions of the pedal by detection oulput from the rotation 
sensor 2, and detects leg-power (step-on force) of the 
driver on the basis of detection output from the torque 
sensor 1, whereby when it is detected that the number 
of rotations of the pedal is t>elow a predetermined value 
and the step-on force is a predetermined value or more, 
it drives the driving force assist unit to conduct a control 
so as to apply driving force which is one half (1/2) of the 
step-on force to the drive wheel. 

Meanwhile, since torque sensors used in the con- 
ventionally proposed bicycles with the driving force 
assist mechanism are torque sensors using the 
mechanical elements, the configuration thereof is com- 
plicated and they are difficult to be assembled into the 
crank shaft or chain, or the main shaft of the drive 



wheel. Moreover, since such torque sensors using the 
mechanical elements are large-sized and are heavy in 
weight, a portion of the step-on force of the driver is con- 
sumed and a portion of the driving force (power) of the 
5 electric motor is consumed. For this reason, the 
traveling efficiency is not good. 

In addition, the torque sensors using the mechani- 
cal elements have delay in detection of the rotation 
torque. As a result, it is difficult to quickly detect leg- 
to power (step-on force) of the driver in dependency upon 
the traveling state to quickly drive the driving force 
assist unit in dependency upon the traveling state. 
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Disclosure of the Invention 



An object of this invention is to provide a novel mov- 
ing apparatus and a movement control method for such 
a moving apparatus which can eliminate or solve the 
problems that the conventionally proposed bicycles with 

20 driving force assist mechanism have. 

Another object of this invention is to provide a mov- 
ing apparatus with driving force assist mechanism and a 
movement control method for such a moving apparatus 
in which consumption of the drive source is reduced so 

25 that efficient traveling can be caried out. 

A further object of this invention is to provide a mov- 
ing apparatus and a movement control method for such 
a moving apparatus which can quickly assist suitable 
driving force when there results the state where assist- 

30 ance of driving force is required. 

A still further object of this invention is to provide a 
moving apparatus and a movement control method for 
such a moving apparatus in which light weight is real- 
ized and consumption eff iciency of driving force is good. 

35 A moving apparatus proposed in order to attain 
objects as described above comprises a drive wheel 
operated by human power, and a driving force assist 
unit for additionally applying driving force to the drive 
wheel in addition to human power in deperrdency upon 

40 traveling state. This moving apparatus comprises a 
traveling information detecting mechanism for detect- 
ing, in a non-contact manner with respect to a rotating 
portion, rotation speed of the rotating portion to detect 
traveling state, a driving force assist mechanism for 

45 applying, to the drive wheel, driving force corresponding 
to speed change information that a person who oper- 
ates the moving apparatus intends to provide, which is 
detected on the basis of traveling information detected 
by the traveling information detecting mechanism, and 

50 an electric power source for driving the driving force 
assist mechanism. 

The moving apparatus according to this invention 
detects by the traveling information detecting mecha- 
nism that traveling only by human power becomes diffi- 

55 cult to drive the driving force assist mechanism in 
dependency upon its detection output to thereby assist 
driving force, thus permitting realization of smooth 
traveling. 
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The traveling information detecting mechanism 
constituting the moving apparatus according to this 
invention detects rotation speed of the rotating portion 
in a non-c»ntact manner with respect to the rotating por- 
tion to detect traveling state. Accordingly, it is possible to 5 
suppress consumption of driving force (power) of the 
rotating portion. Further, since the driving force assist 
mechanism assists, on the basis of speed change infor- 
mation that a person who operates the moving appara- 
tus intends to give, which is obtained from the traveling 10 
information detecting mechanism, driving force corre- 
sponding to the speed change information, it is possible 
to quickly assist a portion of driving force for movement 
that the person who operates the moving apparatus 
provides. Thus, smooth traveling can be ensured. 15 

Moreover, since an electric motor constituting the 
driving force assist mechanism of the nroving apparatus 
according to tiiis invention is adapted so that rotor is 
integrally attached with respect to the traveling wheel 
(drive wheel), it is possible to directiy rotate tiie traveling 20 
wheel. Thus, loss of the driving force can be reduced. 

Further, in the above-mentioned electric motor, 
radiating means for radiating heat that drive coil of the 
stator produces is provided at the stator side. 

Furthermore, in the moving apparatus according to 25 
this invention, there is provided a display unit for carry- 
ing out remaining traveling distance display of the mov- 
ing apparatus on the basis of voltage of the secondary 
battery which drives the electric motor constituting the 
driving force assist mechanism, thereby making it possi- 3o 
ble to easily grasp the travelabie distance. 

In addition, in the moving apparatus according to 
this invention, in the case where the state of the road 
surface on which this moving apparatus moves has a 
necessity of assisting a portion of driving force for mov- 35 
ing the moving apparatus, the electric motor is caused 
to be driven. On the other hand, in the case where the 
state of tiie road surface on which the moving apparatus 
moves has no necessity of assistant driving force for 
moving the moving apparatus, the electric motor is 40 
caused to function as generata, thereby making it pos- 
sible to reduce power consumption of the secondary 
battery This permits the moving apparatus to carry out 
long distance traveling. 

Still further objects of this invention and more prac- 45 
tical merits obtained by this invention will become more 
clear from the description of the embodiments which will 
be described below. 

Brief Description of the Drawings so 

FIG. 1 is a side view showing a motor-operated 
bicycle according to this invention. 

FIG. 2 is a block circuit diagram showing the control 
system of the motor-operated bicycle. ss 

FIG. 3 is a block diagram for explaining the relation- 
ship between traveling information detecting unit and 
driving force assist mechanism. 
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FIG. 4 is a block diagram showing the cont-ol sys- 
tem of motor. 

FIG. 5 is a plan view of the motor-operated bicycle 
according to this invention. 

FIG. 6 is a plan view showing brake portion of the 
motor-operated bicycle. 

FIG. 7 is a plan view showing anotiier example of 
brake constituting the motor-operated bicycle according 
to this invention. 

FIG. 8 is a plan view showing inclination sensor 
applied to the motor-operated bicycle according to tiiis 
invention. 

FIG. 9 is a cross sectional view of the inclination 
sensor. 

FIG. 10 is a front view showing pendulum constitut- 
ing the inclination sensor 

FIG. 11 is a characteristic diagram showing the 
characteristic of the inclination sensor. 

FIG. 12 is a view showing crank and crank rotation 
sensor constituting the motor-operated bicycle shown in 
FIG. 1. 

FIG. 13 is a side view showing the crank and crank 
rotation sensor. 

FIG. 14 is a view for explaining the operation of the 
crank rotation sensor. 

FIG. 15 is a block diagram of the control system of 
motor constituting driving force assist mechanism. 

FIG. 16 is a aoss sectional view showing an exam- 
ple of motor of the outer rotator type provided at rear 
wheel. 

FIG. 17 is a side view of the motor shown in FIG. 

16. 

FIG. 18 is a cross sectional view showing a portion 
of the rotor and stator of the motor. 

FIG. 19 is a side view showing the stator of the 
motor. 

FIG. 20 is a cross sectional view showing a portion 
of motor board provided at the motor. 

FIG. 21 is a front view of the motor board. 

FIG. 22 is a front view showing reflection plate dis- 
posed in a manner opposite to the motor board. 

FIG. 23 is a view showing output characteristic of 
speed sensor of the motor. 

FIG. 24 is a view showing one example of output 
characteristic of the speed sensor of tiie motor and 
switching timing of the motor. 

FIG. 25 is a view showing an example of PWM sig- 
nal waveform when the motor is PWM-driven. 

FIG. 26 is a perspective view of appearance of the 
motor. 

FIG. 27 is an exploded perspective view of the 
motor. 

FIG, 28 is a view showing rotor portion (Z) of the 
motor shown in FIG. 19. 

FIG. 29 is a circuit diagram showing nrotor and con- 
trol section for controlling drive operation of the motor. 

FiG. 30 is a view showing an example of the opera- 
tion of coil cut relay section and relay section for charge 
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circuit of the motor. 

FIG. 31 is a characteristic diagram showing dis- 
charge characteristics of various secondary batteries. 

FIG. 32 is a view showing the principle of the oper- 
ation of lithium ion battery. 

FIG. 33 is a view showing an example of remaining 
traveling distance display unit of the lithium ion battery 

FIG. 34 is a view showing one example of the 
remaining quantity (distance) display section constitut- 
ing the remaining traveling distance display unit. 

FIG. 35 is a view showing another example of the 
remaining quantity (distance) display section. 

FIG. 36 is a flowchart showing main routine of the 
motor-operated bicycle according to this invention. 

FIG. 37 is a flowchart showing drive pattern set 
subroutine shown in FIG. 36. 

FIG. 38 is a flowchart showing motor subroutine 
shown in FIG. 36. 

FIG. 39 is flowchart showing crank subroutine 
shown in FIG. 36. 

FIG. 40 is a flowchart showing high temperature 
processing subroutine shown in FIG. 36. 

FIG. 41 is a flowchart showing driver error subrou- 
tine shown in FIG. 36. 

FIG. 42 is a flowchart showing assist subroutine 
shown in FIG. 36, 

FIG. 43 is a view showing an example of timing of 
supply of assist driving force from the motor. 

FIG. 44 is a view for explaining timing of supply of 
assist driving force from the motor shown in FIG. 43. 

FIG. 45 is a view showing an example of traveling 
pattern of the motor-operated bicycle according to this 
invention. 

FIG. 46 is a block diagram showing the configura- 
tion of the conventional motor-operated bicycle. 

Best Mode for Carrying Out the Invention 

This invention will be desaibed below by taking the 
example applied to, as a moving apparatus, a motor- 
operated bicycle traveled by human power in an ordi- 
nary traveling state and traveled in the state where driv- 
ing force of an electric motor constituting the drive force 
assist mechanism is added as occasion demands. 

A motor-operated bicycle according to this inven- 
tion comprises, similarly to the well known bicycle, a 
frame 1 1 which takes a triangular shape, a handle 12 for 
controlling traveling direction, grip portions 13 for oper- 
ating the handle 12, a crank 14 rotated by driver, a sad- 
dle 1 5 on which the driver sits, a front wheel 1 6 changed 
in a traveling direction by operation of the handle 12. a 
rear wheel 1 7 serving as a drive wheel rotated by under- 
going rotational force of the crank 14. a first gear 18a 
rotating in one body with the crank 14. a second gear 
18b rotating in one body with the rear wheel, and a 
chain 18c wound between first and second gears 18a, 
18b. which transmits rotational force of the crank 14 to 
the rear wheel 1 7. The crank 14. the front wheel 16. the 



rear wheel 17, the first gear 18a and the second gears 
18b are rotating parts (portions) at the time of traveling. 
In this bicycle, when driver steps on pedals 14b 
attached at the front end of the crank 1 4, the crank 1 4 is 

5 rotated. As a result, rotational force of this crank 14 is 
transmitted to the rear wheel 17 through the first gear 
18a. the chain 18c and the second gear 18b. Thus, 
traveling of the motor-operated bicycle is canted out. 
In this example, the first gear 1 8a is formed so as to 

10 have a greater diameter as compared to the second 
gear 18b thus to increase rotational speed of the rear 
wheel 17 as compared to the rotational speed of the 
crank 14. In this motor-operated bicycle, as shown in 
FIG. 1 , a driving force assist mechanism 30 is assem- 

15 bled at the rear wheel 1 7. 

Moreover, an attachment plate 21 is attached at the 
frame 1 1 . and a chargeable secondary battery 40 which 
supplies electric power for driving the driving force 
assist mechanism 30 is detachably attached through 

20 the attachment plate 21 . Further, a traveling information 
detecting unit 100 tor detecting speed of the portions 
rotating at the time of traveling to detect traveling state 
is attached at the attachment plate 21 . In addition, an 
inclination state detection sensor 90 for detecting the 

25 inclination state ranging from the front wheel 16 side 
toward the rear wheel 1 7 side is attached at the attach- 
ment plate 21. 

The secondary battery 40 attached at the attach- 
ment plate 21 can be charged by 100 V of commercial 

30 power supply (source) for home. In the state where the 
driving force assist mechanism 30 assists leg-power 
(step-on force) of driver, bicycle 1000 of this embodi- 
ment can travel up to the distance of about 70 km. The 
secondary battery 40 can be fully charged in about four 

35 hours as an example. The battery capacity thereof is 
about 28.8 V-5Ah (144 Wh). As the secondary battery 
40. secondary battery of light weight of the order of 1 .3 
kg is used. 

The motor-operated bicycle to which the driving 

40 force assist mechanism 30 and the secondary battery 
40 are attached as stated above can be constituted so 
that the entire weight becomes equal to about 20 kg. 

A traveling control unit 2000 fa controlling the 
entirety of this bicycle 1000 has a configuration as 

45 shown in FIG. 2. The traveling control unit 2000 carries 
out a control as shown in FIG. 3. 

Namely, in the traveling control unit 2000. as shown 
in FIG. 3, the traveling information detecting unit 100 
grasps traveling state of the motor-operated bicycle on 

50 the basis of respective signals from a speed sensor 
110, the inclination (state) sensor 90, a crank rotation 
sensor 120, a front brake sensor 130 and a rear brake 
sensor 140. Further, the traveling information detecting 
unit 100 delects acceleration information which is speed 

55 change information on the basis of speed (velocity) sig- 
nal VS from the speed sensor 1 10 to drive and control 
the driving force assist mechanism 30 on the basis of 
the speed change information to carry out assistance 
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(assist operation] of driving Ibrce such that traveling 
state that driver desires can be provided. 

To realize this, traveling power (P) at a current 
traveling time F>oint is first calculated from speed infor- 
mation and inclination information to determine, from s 
the traveling power information and the acceleration 
information, assistant driving force (power) applied to 
the rear wheel 1 7 as the drive wheel by the driving force 
assist mechanism 30. 

Moreover, while traveling power (P) in the current io 
traveling state can be calculated from speed information 
and inclination information, the traveling power (P) cal- 
culated here is nothing but force (power) required for 
allowing the bicycle 1000 to travel at that speed at that 
time point. is 

In view of the above, as described above, such an 
approach is employed to determine acceleration infor- 
mation on the basis of speed signal VS to add acceler- 
ation traveling power value which is value of traveling 
power based on the above-mentioned acceleration 20 
information and constant speed (velocity) traveling 
power value which is the calculated value of traveling 
power, thereby making it possible to carry out assist- 
ance of a driving force (power) such that traveling state 
that driver desires can be provided from the driving 25 
force assist mechanism 30 to the bicycle 1000. 

In more practical sense, at very short time at the 
time of traveling, acceleration information is calculated 
from speed information, thereby making it possible to 
judge whether driver intends to accelerate or decelerate 3o 
the bicycle. For example, when the driver intends to 
accelerate the bicycle, assist quantity of driving force 
applied from the driving force assist mechanism 30 is 
increased. Moreover, for example, even in the case 
where the same acceleration information is given, when 35 
traveling speed at that time is low, assist quantity of driv- 
ing force is increased, while when it is high, assist quan- 
tity of driving force is reduced to enhance traveling 
ability at the time of low speed. Further, when the 
degree of inclination of the road surface is great, assist 40 
quantity of that driving force is increased even in the 
decelerating state where acceleration information indi- 
cates minus direction, thereby making it possible to 
enhance traveling ability at the rising hill. 

In order to determine assist quantity of driving force 45 
by using speed information, inclination information and 
acceleration information as stated above, there may be 
employed an approach to prepare calculation formulas 
corresponding to the circumstances (states) such as the 
circumstances (states) obtained from the speed infor- so 
mation, the inclination information and/or acceleration 
information to individually carry out calculations by the 
calculation formulas corresponding to those circum- 
stances, or there may be employed an approach to 
store, in advance, calculated data in the Table to deter- ss 
mine assist quantity of driving force on the basis of table 
data corresponding to respective circumstances. 

Initially, referring to FIG. 2, a central processing dr- 
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cuit 101 constituting the traveling information detecting 
unit 100 is connected to a digital input/output section 
102, a counter 103. an analog/digital (A/D) converter 
104, and a pulse width modulation (PWM) data section 
105 of a PWM signal generation logic circuit 109 
through bus. A clock generating section 106 delivers 
system clock for reference of the system operation to 
the counter 103 and the central processing circuit 101. 
The analog/digital converter 104 receives analog sig- 
nals from the inclination sensor 90. a current sensor 105 
and a temperature sensor 160 to convert them into dig- 
ital signals. The counter 103 delivers PWM clock <(> 
(1/128 carrier) to the PWM data section 105 on the 
basis of the system clock from the clock generating sec- 
tion 106. The PWM data section 105 has counter units 
105a to 105f, and 105k of channels chO ~ channel ch3, 
wherein the channel ch3 has counter reset (function) for 
clearing values of the channel chO - channel ch2. The 
counter units 105a to 105c of the channel chO ~ the 
channel ch2 of the PWM data section 105 are con- 
nected to a driver power stage 107 of a three-phase 
motor 31 which is an electric motor constituting the driv- 
ing force assist mechanism 30 through the counter units 
105d, 105e and 105f. and photo-couplers 105g. 105h 
and 105i for isolation. This power stage 170 allows 
respective U-phase, V-phase and W-phase of the three- 
phase motor 31 to undergo PWM control to suitably 
energize them. A driving force assist button 180, the 
front brake sensor 130. the rear brake sensor 140. the 
crank rotation sensor 120 and a temperature sensor 
160, etc. are connected to the digital input/output sec- 
tion 102 through photo-couplers 180a for isolation. The 
speed sensor 1 10 of the three-phase motor 31 is con- 
nected to the digital input/output section 1 02 through a 
photo-coupler 110a. 

The circuit block diagram of FIG. 4 is the diagram 
further including the secondary battery 40 with respect 
to the circuit block diagram of FIG. 2, and shows the 
secondary battery 40, the traveling information detect- 
ing unit 100, and a motor board (printed board for motor 
circuitry) 32, etc. The traveling information detecting 
unit 100 includes the central processing circuit 101 and 
amain board 108. 

With respect to the central processing circuit 101, 
the speed sensor 110. the inclination sensor 90, the 
crank rotation sensor (referred to as crank shaft speed 
sensor as occasion may demand) 120, the front brake 
sensor 130 and the rear brake sensor are related 
thereto. The Inclination sensor 90 is disposed at the 
main board 108. A DC-DC converter 108a sets voltage 
from the secondary battery 40 to 5V to deliver it to the 
central processing circuit 101. In addition, a DC-DC 
converter 108b of the main board 108 has a function to 
set voltage from the secondary battery 40 to 12 V to 
send (deliver) it to the motor board 32 side. 

Three speed sensors 110 shown in FIG. 1 are pro- 
vided at the motor board 32 although explanation will be 
given later, and has a function to send motor rotation 
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angle signal CS to the central processing circuit 101 
side. The central processing ctrcuit 101 has a function 
to detect speed signaJ VS of the rotor of the motor on 
the basis of the motor rotation angle signal CS, and to 
generate acceleration information AS as speed change s 
information from the speed signal VS. 

The motor board 32 includes the speed sensors 
110 and the temperature sensor 160 which have been 
described above, an induced voltage detecting section 
32a, and three drive coils CI to C3. The power stage io 
170 of the main board 108 delivers drive voltage to 
these three coils C1, C2, C3 (respectively correspond- 
ing to the U-phase, the V-phase and the W-phase). 

In addition, the power stage 170 shown in FIG. 2 
has a function to send (deliver) an error signal 1 70d to is 
the digital input/output section 102 through a photo-cou- 
pler 170f for isolation. The central processing circuit 101 
is operative so that when abnormal state takes place in 
the power stage 170, it receives the above-mentioned 
error signal 170e to immediately stop the three-phase 20 
motor 31 . 

The driving force assist button 180 shown in FIG. 2 
is a push-switch which is caused to undergo ON/OFF 
operation by driver. When the driving force assist button 
180 is turned ON. there results the assist mode. For ss 
example, when driver walks while pushing the motor- 
operated bicycle 1000 shown in FIG. 1, the three-phase 
motor 31 is caused to be operative at the time of neces- 
sity, such as, for example, when the bicycle rides over 
the offset, etc. to apply assistant power to the rear so 
wheel 17 of FIG. 1 to carry out assist operation. For 
example, when driver walks while pushing the motor- 
operated bicycle 1000. the motor 31 can be operated 
only when the speed of the bicycle is less than 2.5 km/h. 
By carrying out assist operation in this way, even if 35 
driver becomes difficult to push the motor-operated 
bicycle 1000 resulting from the fact that obstruction 
such as offset, etc. takes place when he walks while 
pushing the motor-operated bicycle 1000, he can lightly 
push the motor-operated bicycle as occasion demands. 40 

The front brake sensor 130 and the rear brake sen- 
sor 140 shown in FIG. 2 will now be described. 

FIG. 5 is a plan view of the motor-operated bicycle 
1000 of FIG. 1. wherein a front brake lever 12a and a 
rear brake lever 12b are provided at the handle 12. The 45 
front brake lever 12a serves to operate a front brake 12c 
which stops rotation of the front wheel 16, and the rear 
brake lever 12b serves to operate a rear brake 12d of 
the rear wheel 17. These front and rear brakes 12c and 
12d function as brake means for carrying out brake so 
(braking) operation of the motor-operated bicycle 1000. 

As shown in FIG. 6. a rear brake sensor 140 like 
micro switch is provided, e.g., at the rear brake lever 
12b. Driver operates the lever 12b in the direction indi- 
cated by an-ow H, whereby the rear brake sensor 1 40 is ss 
turned ON. On the other hand, when the driver releases 
the rear brake lever 1 2b, the brake sensor 1 40 is turned 
OFF 
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When the driver operates the front brake 1 2a in a 
manner similar to the above, the front brake sensor 130 
is turned ON. When he releases the front brake lever 
1 2a, the front brake sensor 1 30 is turned OFF As stated 
above, the central processing circuit 101 of FIG. 2 
judges on the basis of brake signal of the front brake 
sensor 130 or the rear brake sensor 140 whether the 
driver has operated the front brake 12c or the rear brake 
12d by using the front brake lever 12a or the rear brake 
lever 12b. Namely, ON signals of these sensors 130, 
1 40 are detected, whereby the central processing circuit 
101 can judge whether the driver intends to stop the 
motor-operated bicyde 1000. 

Additionally, FIG. 7 shows another example of the 
front brake sensor and the rear brake sensor. In the 
example shown in FIG. 7, potentiometers 130a, 140a 
are used in place of the micro switch. The potentiome- 
ters 130a, 140a output brake signals of magnitude cor- 
responding to angle 6 of the lever. 

The inclination sensor 90 as inclination information 
detecting means of FIG. 2 will now be described. The 
inclination sensor 90 is disposed at the attachment plate 
21 of FIG. 1 , and has a configuration as shown in FIGS. 
8 and 9. The inclination sensor 90 is adapted so that a 
pendulum 99 is rotatably supported through a bearing 
92 with respect to a base (substrate) 91 of steel. The 
bearing 92 is a bearing of sintered metal or resin and a 
Hall element 94 for detection of magnetic field is 
attached on the base 91 of steel. The pendulum 99 
includes a yoke 98. a boss 96 and a shaft 97. The shaft 
97 is fitted into the boss 96 and the boss 96 holds a 
yoke 98. The shaft 97 is attached with respect to the 
bearing 92 by means of an E ring 93. The yoke 98 is 
provided with a magnet 95 and this yoke 98 is made up 
by magnetic permeability material. 

The magnet 95 has an N pole 95a and a S pole 95b 
as shown in FIG. 10. The Hall element 94 of FIG. 9 
detects change of magnetic f iekf of the N pole 95a and 
the S pole 95b of the magnet 95 as the result of the fact 
that the pendulum 99 moves in the direction indicated 
by arrow R in FIG. 8. 

Angle that the pendulum 99 is inclined in the direc- 
tion indicated by arrow R in FIG. 8 is indicated in terms 
of plus and minus 8 in FIG. 8. The inclination angle 8 of 
the pendulum 99 is an inclination angle with respect to 
line VL in the direction perpendicular to the line which 
connects the front wheel 1 6 and the rear wheel 1 7 of the 
motor-operated bicycle 1000 of FIG. 1. For example, in 
the case of the rising hill, the pendulum 99 is inclined in 
the +e direction. In the case of the down hill, the pendu- 
lum 99 is inclined in the -0 direction. Namely, an output 
of the Hal) element 94 is set so that it linearly decreases 
with respect to the inclination of the +8 direction and lin- 
early increases with respect to the inclination of -0 direc- 
tion. An output of the Hall element 94 is sent to the 
traveling information detecting unit 100 side as an incli- 
nation signal INS. 

The crank rotation sensor 120 shown in FIGS. 1 
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and 2 will now be described with reference to FIGS. 12, 
13 and 14. 

The crank rotation sensor 120 is disposed in corre- 
spondence with a crank shaft 14a of the bicycle of FIG. 
1, As shown in FIG. 12. the crank shaft 14a includes two s 
pedals 14b. 14b. The crankshaft 14a is adapted so that 
a reflection plate 121 is fixed with respect to the first 
gear 18a. At this reflection piate 121. as shown in FIG. 
13, minor portions 122 and non-reflection portions 123 
are alternately disposed in the drcunrrferential direction. io 
This reflection plate 121 is a circular plate shaped 
reflection plate. In this case, 23 mirror portions 122 and 
23 non-reflection portions 123 of the reflection plate 121 
are provided. A light receiving/emitting section 124 is 
provided in a manner to correspond to the reflection 75 
plate 121. 

This light receiving/emitting section 124 comprises 
a light emitting portion 1 24a and a light receiving portion 
124b as shown in FIG. 1 4, for example, wherein the light 
emitting portion 124a is, e.g., light emitting diode and 20 
the light receiving portion 124b is photo-transistor. Light 
L that the light emitting portion 124a emits is reflected at 
the mirror portion 1 22, resulting in return light LR. The 
return light LR thus obtained can be received by the 
light receiving portion 124b. Namely, in the case where 25 
the mirror portion 1 22 is faced to the light receiving por- 
tion 1 24b, light L can be transmitted to the light receiving 
portion 124b as return light LR. Thus, the crank rotation 
sensor 120 can output crank rotation signal CRS corre- 
sponding to the number of rotations of the reflection 30 
plate 12 caused to be integral with the crank shaft 14a 
to the traveling information detecting unit 100. 

It is to be noted that when light receiving/emitting 
section 1 24 of long detection distance shown in FIG. 14 
is used, even in the case where the reflection plate 121 35 
is warped, Influence of change in distance can be 
avoided. In addition, because there are many rays of 
light serving as disturbance, it is desirable to allow out- 
put from the electric circuit portion of the traveling infor- 
mation detecting unit 100 which receives the crank 4o 
rotation signal CRS from the light receiving/emitting 
section 124 to have relatively great hysteresis as occa- 
sion demands. 

With respect to the inclination signal INS sent from 
the inclination sensor 90 shown in FIG. 9 to the traveling 45 
information detecting unit 100 side, inclination of the 
pendulum 99 is utilized in order to detect inclination on 
the traveling road surface of the motor-operated bicycle 
1000. In this case, its inclination signal INS is analog 
value. Accordingly, it is necessary to carry out analog- so 
to<iigital conversion at the A/D converter 104 as shown 
in FIG, 2. 

Moreover, the reflection plate 121 shown in FIG. 13 
can be provided in a manner stuck to the first gear 18a 
for crank. The crank rotation signal CRS obtained from 55 
the light receiving portion 124b of the light receiv- 
ing/emitting section 124 is counted by the counter 103 
shown in FIG. 2 to measure the number of crank rota- 
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tions. In more practical sense, since 24 mirror portions 
122 shown in FIG. 13 are provkled with respect to one 
circumference, the light receiving portion 124b of FIG. 
14 outputs 24 crank rotation signals (pulses) CRS fol- 
lowed by one rotation of the first gear 18a for crank. In 
the case where the motor 31 of the driving force assist 
mechanism 30 of FIG. 1 rotates in synchronism with the 
crank 1 4, gear ratio between the first gear 1 8a for crank 
and the second gear 18b of the rear wheel 17 of FIG. 1 
is, e.g., 44:16. Accordingly, the motor 31 rotates at a 
speed 2.75 times greater than the crank 14. It is to be 
noted that in the case where driver ordinarily steps on 
the pedals so that the motor 31 and the crank 14 are 
synchronous with each other and in the case where 
rotation of the crank 14 is above rotation of the motor as 
described later, the motor 31 is driven to carry out assist 
of driving force. 

Further, since the motor 31 is constituted as the so- 
called direct motor which directly rotates the rear wheel, 
the rear wheel 1 7 is directly driven by the motor by syn- 
chronization between the motor 31 and the crank 14, 
etc. However, in the case where driving force (power) is 
transmitted to the crank, or driving force is transmitted to 
the front wheel, it is sufficient to carry out drive opera- 
tion of the motor by synchronization between the rear 
wheel and the crank, etc. 

The structure of the motor 31, the speed sensor 
1 10, the current sensor 150 and the temperature sensor 
160 shown in FIG. 2 will now be described in order. 

FIG. 15 shows, in more detail, the portions in the 
vicinity of the motor 31 and the various sensors shown 
in FIG. 2. 

The central processing circuit 101 receives inclina- 
tion signal INS from the inclination sensor 90, receives 
front brake signal FBS from the front brake sensor 130, 
receives rear brake signal RBS from the rear brake sen- 
sor 140. and receives crank rotation signal CRS from 
the crank rotation sensor 120. and has ability to obtain 
speed signal VS from the speed sensor 110 of the 
motor 31. In addition to this speed sensor 110, the 
motor 31 includes the temperature sensor 160 and a 
rotor position sensor 199. Further, a cun'ent sensor 150 
is provided between the motor 31 and the central 
processing circuit 101. 

The structure of the motor 31 is shown in FIGS. 16 
and 17. This motor is an outer rotor type three-phase 
brushless motor adapted so that the outside rotor RT 
rotates and the inside stator ST is stationary (fixed). 
This motor 31 is provided in correspondence with a 
shaft 51 of the rear wheel 17 as shown in FIG. 1. 
Accordingly, the motor-operated bicycle 1000 is a rear 
wheel driven type bicycle. The shaft 51 is fixed by 
screws 1 1a with respect to the frame 1 1 of FIG. 1 . 

Initially, tiie stator ST of the motor 31 will now be 
described. The stator ST of the motor 31 includes an 
iron core 53 integral with respect to the shaft 51 and a 
stator holder 63, and a radiator 64 and a motor board 
32, etc. in addition to the above. The iron core 53 is fixed 
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by using screw 51 b at a flange 51 a of the shaft 51 of the 
stator ST side. Coils CI . C2, C3 are wound on the iron 
core 53. These coils C1, C2. C3 are wound in a prede- 
termined pattern at ion core toothed portions 53e as 
shown in FIG. 19. Coils 53d for detection of counter 5 
electromotive power (voltage) are provided at the Inter- 
mediate iron core toothed portions 53e. These coils CI , 
C2, C3 are disposed in a manner opposite to rotor mag- 
net 56 of the rotor RT which will be described later in the 
circumferential direction (rotational direction of the rotor 
RT). 

As shown in FIGS. 20 and 16, the motor board 32 is 
disposed in such a manner facing to the reflection plate 
67 of a housing cap 58 of the rotor RT. The speed sen- 
sors 1 10 are provided on the motor board 32 shown in 
FIG. 21. These speed sensors 1 10 are also referred to 
as photo-reflector. Three speed sensors are provided at 
predetermined intervals along the circumferential direc- 
tion of the circular motor board 32. As shown in FIG. 16, 
the motor board 32 is fixed by using a board holder 53g 
by means of screw 53f with respect to the iron core 53. 

An electric power supply holding plate 32h of the 
motor board 32 shown in FIG. 21 holds electric power 
supply lines 32j. These power supply lines 32j are elec- 
tric power supply lines for supplying electric power from 
the power stage 170 to the three coils CI, C2, C3 
shown in FIG. 15. A signal line holding plate 32k of the 
motor board 32 holds three signal lines 32m. These sig- 
nal tines 32m are signal lines which connect the speed 
sensors 110 and the central processing circuit 101 of 
FIG. 15. The temperature sensor 160 is provided on the 
motor board 32 as shown in FIG. 21 . This temperature 
sensor 160 is a sensor comprised of diode inserted into 
the coils of the motor 31 , and serves to compare voltage 
of the temperature sensor 160 with a set value, whereby 
when voltage is above the set value as the result of the 
fact that temperature rises, the temperature sensor 1 60 
outputs a temperature detection signal to the central 
processing circuit 101 of FIG. 15. The central process- 
ing circuit 101 receives this signal to judge that abnor- 
mal state has taken place in the motor 31 to stop 
energization with respect to the motor 31 to stop drive 
operation. In this example, in the case where tempera- 
ture that the temperature sensor 160 detects is lower 
than a predetermined value after the drive operation is 
stopped, a signal of another system using hysteresis is 
outputted. Accordingly, in response thereto, drive of the 
motor 31 is re-started. The temperature detection signal 
of the temperature sensor 160 is caused to undergo 
analog/digital conversion at the A/D converter 104 as 
shown in FIG. 2, and is taken In as temperature signal 
TS(see FIG. 15). 

The three speed sensors 110 shown in FIG. 21 are 
faced to the reflection plate 67 attached at the housing 
cap 58 of the rotor RT shown in FIG. 16. This reflection 
plate 67 Is adapted so that 24 mirror portions 67a and 
non-reflection portions 67b are provided one after 
another as shown in FIG. 22, and these portions are 



formed along the circumferential direction. Each speed 
sensor 1 10 comprises a light emitting portion 1 1 1 and a 
light receiving portion 112. Light L of the light emitting 
portion is reflected on the mirror portion 67a of the 
reflection plate 67. resulting in return light LR. The 
return light thus obtained can be received by the light 
receiving portion 112. Accordingly, the speed sensors 
1 10 optically detect, in a non-contact manner, presence 
or absence of only the mirror portions 67a of the reflec- 
tion plate 67 of FIG. 22, thereby making it possible to 
send speed signal VS followed by rotation of the rotor 
RT of the motor 31 shown in FIG. 16 to the central 
processing circuit 101 as shown in FIG. 15. 

As shown in FIG. 23, the three speed sensors 110, 
110, 110 measure time interval of detection of zero 
CTOss points ZC by the counter shown in FIG. 2. In more 
practical sense, since there are 24 cycle x 6 zero cross 
points with respect to one rotation of the rotor RT of the 
motor 31 , such zero cross points are counted by the 
system clock. It is to be noted that because there are 
instances where variations are included between these 
three speed sensors 110, nfravement average value of 
six detecting operations is calculated at the inside to 
thereby cancel variations between three sensors 1 10. A 
PWM signal preparation logic section 109 shown in FIG. 
2 obtains speed sensor outputs (U), (V). (W) of rectan- 
gular wave on the basis of outputs 1 1 0 (a), (b), (c) of the 
speed sensors shown in FIG. 23. 

FIG. 24 shows an example of switching timings of 
U-phase, V-phase and W-phase con-esponding to the 
coils C1. C2. C3 that the PWM signal preparation logic 
section 109 shown in FIG. 2 forms in con-espondence 
with the speed sensor outputs 110 (U), (V), (W). 

FIG. 25 shows an example of waveform of PWM 
signal with respect to the driver of FIG. 1 5 that the PWM 
signal preparation logic section 109 forms. Counter 
units 105a to 105c of the PWM data section 105 shown 
in FIG. 2 correspond to respective phases of the U- 
phase, the V-phase and the W-phase, and can respec- 
tively carry out count operations by duty factors as 
shown in FIG. 25. 

Further, the current sensor 150 shown in FIG. 15 
and FIG. 2 takes voltage produced across the both ends 
of the sense resistor (e.g.. 0.5 ohms) of the GND side 
into the A/D converter 104 shown in FIG. 2 to carry out 
analog/digital conversion to thereby convert it into cur- 
rent. The reason why the current sensor is required as 
stated above is as follows. 

(1) By limiting the rush current, the expanded cur- 
rent rating of the battery or the rotation drcuit ele- 
ment can be held down to snnall value. Particularly, 
when lithium ion battery is used as the secondary 
battery, employment of the current sensor is effec- 
tive for improvement of the reliability of this battery. 
In addition, since such limitation of the rush current 
is momentary limitation, there is no effect (influ- 
ence) on lowering of assist driving force given by 
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drive operation of the motor 31 . 

(2) Abnormal state of the motor can be detected. 

In the motor board 32 shown in FIG. 16. the electric 
power supply lines 32j are connected to the motor board 
32 through the power supply holding plate 32h from the 
outside by using a sealing tube 66 provided at the radi- 
ator 64. This sealing tube 66 serves to seal the portion 
between the inside and the outside of the motor 31. 
When any coil power supply line 32j is pulled out toward 
the outside, the sealing tube 66 is tightened at a hole 
64a of the radiator 64, and is caused to be extruded 
(pulled out) to the outside no longer. Namely, since the 
sealing tube 66 is adapted so that the diameter of the 
inside portion is greater than that of the outside portion. 
Even if any coil power supply line 32j is pulled out in the 
outside direction which is the direction indicated by 
arrow XI in FIG, 16, the sealing tube 66 is extruded 
(pulled out] to the outside no longer. These coil power 
supply lines 32j are fixed by the electric power supply 
line holding plate 32h so that they do not come into con- 
tact with the housing cap 58. 

The stator holder 63 shown in FIG. 1 6 is conprised 
of, e.g., aluminum, and the radiator 64 is also comprised 
of aluminum. The radiator 64 includes fins 64c for radia- 
tion. As shown in FIG. 17, plural fins 64c are formed in 
the traveling direction which is the direction indicated by 
arrow FF in FIG. 17 of the motor-operated bicycle 1000. 
By making up (manufacturing) the stator holder 63 and 
the radiator 64 by material of good radiation, it is possi- 
ble to easily radiate, toward the outside, heat produced 
in the vicinity of the coils (CI , C2, C3) and the iron core 
53 of the stator ST to exclude it 

The rotor RT of the motor 31 will now be described. 

The housing cap 58 is fixed with respect to the 
housing 55 by using screw 58n as shown in FIG. 16. 
The housing 55 and the housing cap 58 constitute an 
accommodating member for accommodating the stator 
ST The housing gap 58 and the housing 55 accommo- 
date the previously described stator ST. The housing 55 
includes a hole 55h. and the shaft 51 is passed (pene- 
trated) through the hole 55h in a non-contact manner. 
The housing 55 is rotatably supported with respect to 
the stator ST through bearings 52. 52b. The housing 
cap 58 is opposed to a motor shield plate 325 of the 
motor board 32, and is supported by the bearing 52b. 
Namely, the housing 55 and the housing cap 58 are 
rotatably supported with respect to the shaft 51 of the 
stator ST side by only two bearings 52, 52b. The hous- 
ing 55 is attached with respect to respective spokes 17p 
of the rear wheel 1 7 of FIG. 1 as shown in FIGS. 26 and 
27. Accordingly, the rotor RT rotates in one body with 
the rear wheel 17. The housing 55 and the housing cap 
58 substantially surround the stator ST, and the shaft 51 
is supported at the frame 1 1 . 

At the inside of the housing 55, there is provided a 
rotor case 54 serving as a rotor yoke by screw 22d. At 
this rotor case 54, magnets 56 which are the rotor mag- 
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net like tanzaku-shaped sintered neody magnet mag- 
netized in one direction are disposed. The an'angement 
state of the magnets 56 Is shown in FIGS. 19 and 28. 
Namely, 48 magnets 56 are stuck (bonded) with respect 

5 to the rotor case 54 in the state inserted along the inner 
peripheral direction of the rotor case 54, and 24 sets of 
N poles 56a and S poles 56b are provided. The respec- 
tive magnets 56 are opposed to the iron core 53 of the 
rotor RT with a predetermined spacing. Namely, the 

10 magnets 56 and the rotor case 54 of the rotor RT, and 
the coils Cl . C2, C3 and the iron core 53, etc. of the sta- 
tor ST form a magnetic circuit. In addition, the magnets 
56 are facing to the coils CI, C2, C3 along the circum- 
ferential direction with a predetermined spacing. 

15 Skew angle is set at the iron core 53 as shown in 
FIGS. 27 and 19. The reason why the iron core 53 has 
skew angle and is obliquely set as stated above is to 
prevent torque variations (change). 

It is to be noted that counter electromotive power 

20 (voltage) detection coil 53d may be wound by one slot 
with respect to each of phases (U, V, W phases) as 
shown in FIG. 19 to use this counter electromotive 
power (voltage) detection coil 53d as a sensor for taking 
energization timing of the coil in place of the light receiv- 
es ing/emitting section 1 1 0. In this case, such a way of use 
has a function equivalent to the sensorless drive, and 
has the merit that the problem of starting does not exist 
for such a use. Namely, the reason thereof is as follows. 
In the state where the motor-operated bicycle is com- 

30 pletety stopped, output for taking energization timing is 
not produced in the counter electromotive power (volt- 
age) detection coil 53d. However, since driver moves 
the bicycle or steps on the pedal in the case where he 
starts drive operation, output Is produced in the detec- 

35 tion coil 53d and energization timing of the motor is thus 
ot3lained. so there is no stray in the rotation direction at 
the time of starting which is peculiar to the sensorless 
drive. 

In order to assemble the motor 31 , as shown in FIG. 

40 16, the stator holder 63 consisting of aluminum having 
good thermal conductivity is forced into the shaft 51 . 
The iron core 53 and the board holder 53g are com- 
monly fastened by means of screw 51b with respect to 
the flange 51 a of the shaft 51 . At this time, the iron core 

45 53 and the stator holder 63 are fitted so that they are 
integrally coupled (combined). 

The motor shield plate 32s is fixed by means of 
screw 53f with respect to the board holder 53g. The 
motor board 32 is fixed by means of screw 53p with 

50 respect to the motor shield plate 32s white adjusting 
angle. The angle is set so that signal by the reflection 
plate 67 of the light receiving/emitting section 1 10 serv- 
ing as the photo-reflector takes energization timing of 
the coils (CI, C2. C3). The number of poles of the mag- 

55 net 56 and the number of mirror portions which is the 
number of teeth of the reflection plate 67 are caused to 
be equal to each other. The radiator 64 is inserted into 
the shaft 51 to allow it to be closely in contact with the 
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motor shield plate 32s so that radiation heat from the 
coils (Cl. C2, C3) is difficult to be transmitted to the 
motor board 32. Thus, the motor board 32 can be pro- 
tected from heat. 

Moreover, heat of the colls C1 . C2, C3 and/or the s 
iron core 53 may be dissipated through the stator holder 
63. In this case, there may be employed a method in 
which because heat resistance of the coil is about 
200°C. whereas heat resistance of the semiconductor 
device on the motor board 32 is about 80°C, spacer is io 
inserted between the stator holder 63 and the motor 
shield plate 32s in order that temperature gradient takes 
place. 

The rotor RT is rotatably supported through the 
bearings 52. 52b with respect to the stator ST, and is 15 
held by the housing 55 and the housing cap 58 therebe- 
tween from the both sides and is fixed by means of 
screw 58n with respect to the housing 55 and the hous- 
ing cap 58. In this case, packings may be respectively 
put between the housing 55 and the housing cap 58 and 20 
the rotor RT 

The motor 31 used here is the brushless moXor of 
the outer rotor type which is called wheel in motor. 
Employment of the motor 31 provides the following mer- 
its. 25 

(1) As shown in FIG. 16. the housing 55 and the 
housing cap 58 of the rotor RT are rotatably sup- 
ported with respect to the shaft 51 and the radiator 

64 of the stator ST side at both side positions of the 30 
rotor RT by using only two bearings 52, 52b. 
Accordingly, the width of the motor 31 can be 
reduced in respect of the axial direction of the shaft 
51, and load of the rotor RT at the time of rotation 
can be received in well-balanced state in left and 35 
right directions. 

(2) Since the housing 55 and the housing cap 58 of 
the rotor RT constituting the accommodating mem- 
ber of FIG. 16 which is also called wheel are directly 
fixed by using the spokes 17b with respect to the 40 
rear wheel 1 7 of the motor-operated bicycle 1 000 of 
FIG. 1, drive rotational force that the rotor RT pro- 
duces can be directly applied to the rear wheel 17. 

In addition, since the stator is disposed within the 
rotor RT and the rotor RT is disposed within the rear 45 
wheel 17, appearance is permitted to become sat- 
isfactory as shown in FIG. 1 . 

(3) Since the iron core 53 of the stator ST is directly 
fixed on the shaft 51 , the structure is simple. 

(4) Since heat in the vicinity of the drive coil of the so 
motor 31 can be dissipated to the outside through 
the radiator 64, the stator holder 63 and the shaft 

51 , and the housing 55 and the housing cap 58 can 
also diffuse (radiate) heat to the outside, cooling 
means is not particularly required for this motor 31 . 55 

(5) Since the stator ST provided with the coil portion 
of the motor 31 is accommodated in a form such 
that it is hermetically sealed within the housing 55 
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and the housing cap 58 of the rotor RT, water-proof 
and dust-proof of the inside of the stator ST and the 
rotor RT can be realized. 

(6) Since the magnet 56 of the rotor RT is disposed 
at the inner surface of the outer circumferential por- 
tion side of the housing 55 so that torque produced 
can be obtained at the outermost circumferential 
side portion of the housing 55. if required torque 
produced can be obtained, the outer (outside] 
diameter of the rotor RT can be as small as possible 
and the thickness can be reduced. For this reason, 
weight of the motor 31 accommodated within the 
wheel 17 of FIG. 1 can be lightened. In addition, 
large torque can be obtained at a low speed. 

A function switching control section 3000 of the 
motor provided in association with the motor 31 will now 
be described with reference to FIGS. 29 and 30. This 
function switching control section 3000 includes a coil 
cut relay section 200 which is the first switching section, 
a relay section 250 for charge circuit which Is the sec- 
ond switching section, secondary battery 40 of the 
charging type, a charge circuit 300 for the battery, and 
the power stage 170. etc. 

The coil cut relay section 200 is a relay section 
inserted (connected) between one ends of the coils C2, 
C3 and the motor driver power stage 170 to carry out 
ON/OFF operation of energization to the coils C2, C3. 
Moreover, the relay section 250 for charge circuit is a 
relay inserted (connected) between the colls C2. C3 
and the charge circuit 300 of the battery (secondary bat- 
tery) 40 to carry out ON/OFF operation of power supply 
to the coils C2, C3. 

The coil cut relay section 200 Is operative so that 
when control signal CSS is given from the central 
processing circuit 101 In the case where there is a 
necessity to drive the motor 31 so as to deliver assist 
driving force to the drive wheel, it is turned ON so as to 
deliver power (current) from the power stage 1 70 to the 
coils C2, C3. In contrast, when no control signal CSS is 
given, the coll cut relay section 200 is turned OFF. 

On the other hand, the charge circuit relay section 
250 is turned ON by charge control signal PSS, and is 
turned OFF when no charge control signal PSS is given. 

FIG. 30 shows an example of road surface traveling 
state and ON/OFF states of the two relay sections 200, 
250. In the case where the traveling road surface is 
ascending, the coil cut relay section 200 of FIG. 29 is 
turned ON, and the charge circuit relay section 250 is 
turned OFF In the case where the traveling road sur- 
face is flat so that inertia traveling can be canied out. 
the coil cut relay section 200 is turned OFF and the 
charge circuit relay section 250 is also turned OFF. 

In the case where the traveling road surface is 
descending, the coil cut relay section 200 is turned OFF 
and the charge circuit relay section 250 is turned ON. 
Thus, in the case where the traveling road surface is 
descending, the motor 31 functions as a generator by 
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descending travel of the motor-operated bicycle. 
Namely, since the rotor RT of the motor 31 shown in 
FIG. 16 rotates relative to the stator ST with rotation of 
the rear wheel 17 as shown in FIG. 12, induced (induc- 
tion) currents take place in the coils CI , C2, C3 of the 5 
iron core 53. Accordingly, the induced current when the 
motor 31 functions as a generator can be stored in the 
secondary battery 40 via the charge circuit 300 for the 
battery through the charge circuit relay section 250. In 
this example, in the operation of the motor-operated w 
bicycle 1000 which will be described later, in the state 
where the traveling road surface Is descending and the 
rear brake lever 12b is operated (nnanipulated) so that 
the rear brake sensor 140 is turned ON. the charge cir- 
cuit relay section 250 is turned ON. Thus, charge oper- 15 
ation is carried out. 

By constituting the motor-operated bicycle in this 
way, it is possible to increase storage capacity of the 
secondary battery 40 while traveling. Thus, traveling of 
longer distance can be carried out. 20 

The secondary battery 40 used in the motor-oper- 
ated bicycle according to this invention will now be 
described. 

As the secondary battery 40 used here, lithium ion 
battery is used. This lithium ion battery is a secondary 25 
battery including anode consisting of carbon material in 
which doping/undoping of lithium is permitted and cath- 
ode consisting of compound oxide of lithium and transi- 
tion metal, and using non-aqueous electrolytic solution 
in which electrolyte is added to non-aqueous solvent. 3o 

FIG. 31 shows discharge characteristics of the lith- 
ium ion battery, the lead battery and the nickel-cadmium 
battery. The ordinate of FIG. 31 indicates voltage of the 
battery and the absdssor indicates passage of time. 
The discharge characteristic of the lithium ion battery is 35 
such that particularly when the battery capacity 
becomes lesser, the voltage is lowered with relatively 
great gradient with passage of time. Further, the initial 
voltage of the lithium ion battery is relatively high volt- 
age which is 4V or more. Even if the voltage is lowered, 4o 
the voltage obtained is not less than about 3V. On the 
contrary, in the case of the lead battery, the initial volt- 
age is about 2V. The voltage is not so varied with pas- 
sage of time. The nickel-cadmium battery has the initial 
voltage of the order of 1 V. Similarly, there is less change 45 
in voltage. Accordingly, the lithium ion battery can easily 
grasp change of voltage by change with passage of time 
particularly when the battery capacity becomes less as 
compared to other lead batteries or the nickel-cadmium 
battery. In this case, falling of its voltage is substantially so 
proportional to the remaining quantity of the battery 
within the range from the initial voltage, e.g.. 4.2V to 
about 2.7 V of the final voltage of the lithium ion battery. 
For this reason, it is possible to easily carry out detec- 
tion of the remaining capacity of the lithium ion battery. 55 

Since such lithium ion battery has high energy den- 
sity, has voltage higher than other secondary batteries 
as shown in FIG. 31. and does not include harmful 
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material such as mercury, handling is easy. 

TTie lithium ion battery includes, as shown in FIG. 
32, a cathode 41a, an anode 42a, a collector 41 of +. a 
collector 42 of and a separator 43. These collectors 
41 , 42 and the separator 43 are disposed within an elec- 
trolytic solution (electrolyte) 45 of a vessel 44. Lithium 
ions 46 move toward the anode 42a side which Is the 
collector 42 of - through the separator 43. Thus, charge 
operation is carried out. On the contrary, when lithium 
irons 46 move toward the cathode 41a side through the 
separator 43 from the anode 42a, discharge operation 
takes place. 

FIG. 33 shows an example of a remaining traveling 
display unit 700 adapted for measuring the remaining 
capacity of the secondary battery 40 of the lithium ion 
battery to estimate tiie remaining traveling distance that 
the motor-operated bicycle of FIG. 1 can travel to dis- 
play it. 

TTiis remaining traveling distance display unit 700 
can be attached, e.g., in the vicinity of the handle or the 
attachment plate 21, etc. shown In FIG. 1. The remain- 
ing traveling distance display unit 700 is connected to 
tiie motor 31 and the traveling information detecting unit 
100 through connection terminal 701, 702. This remain- 
ing traveling distance display unit 700 is connected to a 
charge discharge control circuit 48 of the secondary 
battery 40 through connection terminals 703. 704. A 
current detector 706 is provided between the connec- 
tion terminals 703, 701. This current detector 706 
detects values of currents flowing from the charge/dis- 
charge cont'd circuit 48 toward the motor 31 side. 
These current values are delivered to a time mean 
(average) value calculating section 799 for current, at 
which current time mean (average) value is calculated. 
Then, the current time mean value is stored in a mem- 
ory 708. 

On the other hand, the connection terminal 703 is 
connected to a voltage detector 707. This voltage detec- 
tor 707 detects voltage value of the secondary battery 
40 obtained from the charge/discharge control circuit 
48. As shown in FIG. 31, the voltage detector 707 
detects change of voltage within the range from about 
4.2V of tiie initial voltage to about 2.7V of the final volt- 
age. Voltage of the secondary tattery 40 detected by 
tiie voltage detector 707 is stored into the memory 708. 
In the memory 708, table Indicating the relationship 
between tiie remaining capacities of tiie secondary bat- 
tery 40 and travelable distances by the motor 31 with 
respect to current time mean values is stored. Accord- 
ingly, remaining distance is displayed on a remaining 
distance display section 709 on the basis of value of the 
table that ttie memory 708 has by the current time mean 
value and value of voltage. 

This remaining distance display section 709 can 
display tiie remaining traveling distance, e.g., in a digital 
fashion as shown in FIG. 34. Moreover, as shown in 
FIG. 35, the remaining distance display section 709 can 
also display, in an analog fashion, tiie remaining 
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traveling distance by turning ON or turning OFF of four 
LEDs {Ught Emitting Diodes) 710, 711, 712, 713, For 
example, when the LED 710 is turned ON, it can be dis- 
played that the remaining traveling distance is 1 ~ 5 Km; 
when the LED 71 1 is turned ON, it can be displayed that 5 
the remaining traveling distance is 6 ~ 10 Km; when the 
LED 712 is turned ON, it can be displayed that the 
remaining traveling distance is 11 ~ 30 Km; and when 
the LED 713 is turned ON, it can be displayed that the 
remaining traveling distance is 31 ~ 70 Km. ro 

In this case, if secondary battery has a characteris- 
tic monotonously decreasing to such a degree that volt- 
age can be detected with respect to the battery 
remaining capacity, any secondary battery except for 
the lithium ion battery may be used as the secondary is 
battery 40. 

Meanwhile, an analog/digital converter is used as 
the voltage detector 707. Therefore, it Is possible to 
measure voltage of the secondary battery 40 within the 
range from full charge to completion of discharge of the 20 
secondary battery 40, i.e., within the range indicated by 
the curve of the lithium ion battery of FIG. 31 . In the 
case where voltage that the voltage detector 707 
detects is given to the memory 708 by using the ana- 
log/digital converter, it is preferable that voltage corre- 25 
sponding to the remaining capacity of the secondary 
battery 40 monotonously decreases at a value 1/100 
times greater than voltage of the secondary battery 40 
approximately within the range from 4,2V of full charge 
to 2.7V of completion of discharge. 30 

In this example, a battery pack 49 consisting of the 
secondary battery 40 and the charge/discharge control 
circuit 48 shown in FIG. 33 can be detached from the 
remaining traveling distance display unit 700. In addi- 
tion, the remaining traveling distance display unit 700 35 
can be also detached through the connection terminals 
701. 702 from the attachment plate 21 of the motor- 
operated bicycle 1000. Accordingly, even in the case 
where the remaining traveling display unit 700 is taken 
into the room as it is, it is possible to carry out remaining 40 
traveling distance display of the motor-operated bicycle 
1000 by itself. 

As described above, since the remaining traveling 
distance display unit 700 can be detached from the 
bicycle 1000 side through the connection terminals 701 , 45 
702 as shown in FIG. 33, this is convenient in that it is 
possible to carry out remaining traveling distance dis- 
play of the motor-operated bicycle 1000 even in the 
course where the secondary battery 40 is being 
charged after detached from the bicycle 1000. so 

It is to be noted that, e.g., a pointer (type) voltage 
meter of the moving coil type, etc. except for the remain- 
ing distance display unit shown in FIGS. 34 and 35 may 
be used as the remaining distance display unit 709. Fur- 
ther, the remaining distance display unit 709 may dis- 55 
play the remaining capacity itself of the secondary 
battery 40 in addition to the remaining distance. 

The operation of the above-described motor-oper- 
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ated bicycle 1000 will now be described. 

FIG. 36 is the main routine showing the operation of 
the motor-operated bicycle 1000 shown in FIG. 1. In 
FIG. 36, when the main routine starts, the central 
processing circuit 101 carries out initialization of the dig- 
ital input/output section 102 and the PWM signal prepa- 
ration logic section 109, etc., and initialization of other 
parts (circuit components) (step ST1). 

At step ST2 of FIG. 36, the processing operation 
shifts to the set subroutine of the drive pattern. This set 
subroutine of the drive pattern is shown In FIG. 37. 
When the drive pattern set subroutine starts, read oper- 
ation of the sensor pattern is carried out at step ST2-1 . 
This read operation of the sensor pattern means that 
three speed sensors 1 10 of FIG. 21 read the pattern of 
the min-or portions 67a of the reflection plate 67 of FIG. 
22. By doing so. grasp (recognition) of the positional 
relationship between the magnet 56 and the coils C1, 
C2, C3 of the motor 31 is carried out. 

At step ST2-2 of FIG. 37, drive pattern of the motor 
31 Is determined. In this determination of the drive pat- 
tern, the speed sensors 110 of FIG. 21 reads the pat- 
tern of the reflection plate 67 to thereby determine the 
following fact. Namely, since energization pattern of the 
coils for correctly rotating the motor 31 is univocally 
determined in corresporxlence with the output pattern 
of this speed sensor as shown in FIG. 24, the above- 
mentioned determination means that such energization 
pattern is set. 

At step ST2-3, re-setting of CTC is carried out. This 
CTC is counters (counter units) 105a to 105f, and 105k 
constituting the PWM signal preparation logic section 
109. 

At step ST2-4, re-setting in the arm direction is car- 
ried out. Re-setting in the arm-direction is to set any one 
of modules of the power stage 1 70 of the three-phase 
motor 31 to which the PWM control signal is inputted. 

When the drive pattern set subroutine shown in 
FIG. 37 is completed, the processing operation returns 
to the step ST3 of FIG. 36 to start preparation of PWM 
control of the motor 31 shown in FIG. 2. 

At step ST4 of FIG- 36. check of zero cross points 
ZC in FIG. 23 of the three speed sensors 110 shown in 
FIG. 21 is carried out. In the case where check of the 
zero cross points is carried out. the processing opera- 
tion shifts to the subroutine of the motor of step ST5 of 
FIG. 38. In the case where no check of the speed sen- 
sors 110 of the motor 31 is carried out, check of the 
crank rotation sensor 120 disposed with respect to the 
crank 14 shown in FtG. 13 is carried out. 

At step ST5-1 of FIG. 38, the speed sensor shown 
in FIG. 21 detects the mirror portion 67a shown in FIG. 
22. In response to the detection signal of the speed sen- 
sor 110, the counter 103 is reset through the digital 
input/output section 102 shown in FIG. 2. Thus, at step 
ST5-3 and step ST5-4, the central processing circuit 
101 carries out speed (velocity) calculation (V) to pre- 
pare speed signal VS, and carries out acceleration cal- 
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culation (A) to prepare acceleration signal AS as speed 
change signal. At step ST5-5 of FIG. 38, the processing 
operation returns to the drive pattern set subroutine 
shown in FIG. 37 to carry out a predetermined process- 
ing of the drive pattern subroutine ST2. The reason why 5 
the processing operation shifts to the drive pattern sub- 
routine ST2 as stated above is that since the pattern of 
output signal of the speed sensor 110 is switched at the 
zero aoss ZC point shown in FIG. 23, it is necessary to 
switch the energization pattern of the coils as shown in 10 
FIG. 24. 

In the case where check of the rotation sensor 120 
of the crank 14 shown in FIG. 13 is carried out at step 
ST6 of FIG. 36. the processing operation shifts to the 
crank subroutine of step ST7. This crank subroutine is 
ST7 is shown in FIG. 39. At step ST7-1 , the crank rota- 
tion sensor 120 shown in FIG. 13 reads the mirror por- 
tion 122 with rotation of the crank 14. The data thus 
read is inputted to the digital input/output section 102 
shown in FIG. 2. The counter 1 03 counts it. At step ST7- 20 
2 of FIG. 39, the counter 103 is reset. 

Further, at step ST7-3 of FIG. 39. crank (rotation) 
speed when the crank 14 shown in FIG. 13 rotates is 
calculated on the basis of the above-mentioned count 
value. Thereafter, the processing operation shifts to the 2s 
step ST8. 

At step ST8 of FIG. 36, the temperature sensor 160 
of FIG. 21 checks tenperature of the motor 31. In the 
case where value that this temperature sensor 160 
detects is higher than a predetermined temperature, the 30 
processing operation shifts to the high temperature 
processing subroutine of step ST9 of FIG. 36. 

The high temperature processing subroutine ST9 is 
shown in FIG. 40. In this case, at step ST9-1 , the central 
processing circuit 101 cuts off the coil cut relay section 3S 
200 to thereby stop energization to the motor 31 of the 
power stage 170. Thus, in the motor-operated bicycle 
1000, assist of driving force by the motor 31 becomes 
equa! to zero as indicated by ST9-2. In the case where 
temperature that the temperature sensor 160 of FIG. 21 40 
detects is lower than the predetermined temperature at 
step ST9-3, the processing operation shifts to step 
STIOof FIG. 36. 

At the step ST10, operation check of the power 
stage 170 of FIG. 2 is carried out. If the power stage 1 70 45 
outputs error signal 170e of FIG. 2 to the digital 
input/output section 102, the processing operation by 
the central processing circuit 101 shifts to the error sub- 
routine of step ST11 of FIG. 4. In this case, the coil cut 
relay section 200 of FIG. 15 Is turned OFF as indicated so 
by step ST1 1-1 to thereby allow assist of driving force 
(power) of the motor-operated bicycle 1000 by the 
motor 31 to be zero (0) as indicated by step ST11-2. 
Then, at step ST1 1-3, error flag is raised (set). At step 
ST12 of FIG. 36. the entire operation of the system is ss 
completed. 

On the other hand, in the case where error of the 
power stage 170 is not detected at the step STIO of 



FIG. 36, the processing operation enters assist subrou- 
tine ST13 shown in FIG. 42. 

In this assist subroutine ST13, in the case where 
en'or flag is raised (set) at step ST13-1 . the coil cut relay 
section 200 shown in FIG. 15 is turned OFF at step 
ST13-8 to thereby allow assist of driving force (power) 
of the motor 31 to be zero (0) at step ST13-9 thus to 
complete the operation. 

Moreover, in the case where error flag is not raised 
(set) at the step ST13-1 shown in FIG. 42, processing of 
the steps ST13-2 to ST13-7 shown in FIG. 42 are car- 
ried out. 

In the case where driver allows the drive force 
assist button 180 shown in FIG. 2 to be in ON state and 
speed of the motor-operated bicycle 1000 is a speed 
lower than, e.g., 2.5 Km/h at step ST13-2, the coil cut 
relay section 200 shown in FIG. 15 is turned ON at step 
ST13-10 to allow assist quantity of driving force to be 
equal to fixed value K at step ST13-11. Namely it is 
supposed that in such states where driver walks while 
pushing the motor-operated bicycle 1000, speed may 
be lower than 2.5 Km per hour. In such cases, the coil 
cut relay section 200 shown in FIG. 15 is turned ON, 
whereby the motor 31 applies assist quantity of prede- 
termined driving force to the motor-operated bicycle 
1000. Thus, driver can walk while easily pushing the 
motor-operated bicycle 1000 by relatively small force. 

In the case where speed of the motor-operated 
bicycle 1000 is 2.5 Knn/h or more at step ST13-2 of FIG. 
42, check of the brake is carried out at step ST13-3. In 
this check of the brake, in the case where driver oper- 
ates the front brake lever 12a or the rear brake lever 12b 
of FIG. 6, at least one signal of the front brake sensor 
130 and the rear brake sensor 140 of FIG. 2 is given to 
the digital input/output section 102. Accordingly the 
central processing circuit 101 can check whether or not 
driver is can'ying out brake operation. In the case where 
either brake is applied, assist quantity of driving force of 
the motor 31 is caused to be zero (0) at step ST13-9. 

Moreover, in the case where brake Is not applied, 
the processing operation shifts to inclination check of 
step ST13-4. The inclination sensor of FIGS. 8 and 9 
carries out inclination check. When the inclination is 
below zero (0), it is judged that the motor-operated bicy- 
cle 1000 does not travel on the flat surface, but travels 
on the down hill. Accordingly, the central processing cir- 
cuit 101 allows the coil cut relay section 200 to be 
turned OFF at step ST13-8 of FIG. 42 to allow assist 
quantity of driving force of the motor 31 to be zero at 
step ST13-9. 

When angle is zero (0) or more as the result of 
check of inclination, the central processing circuit 101 
judges that corresponding road surface is the flat road 
or the rising hill. Thus, the processing operation shifts 
from step ST1 3-4 to step ST1 3-5 to carry out synchronic 
zation check of rotation of the crank. Namely, whether or 
not driver operates and rotates the crank shown in 
FIGS. 12 and 13 by leg-power (step-on) force isdiscrim- 
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inated. As a result, in the case where the number of 
rotations of the motor 31 is greater than the number of 
rotations of the crank 14, the central processing circuit 
101 allows the coil cut relay section 200 to be turned 
OFF at step ST13-8 on the basis of the judgment that 5 
assist of driving force by the motor 31 is unnecessary to 
allow the assist quantity of driving force to be zero (0). 

Moreover, in the case where rotation of the motor 
31 is synchronous with rotation of the crank 14. or rota- 
tion (speed) of the crank 14 is higher than rotation 
(speed) of the motor 31 , the processing operation shifts 
to step ST1 3-6 to carry out check of speed of the motor- 
operated bicycle 1000. In this exanple, detection of the 
number of rotations of the motor 31 is carried out by the 
speed sensor 110 shown in FIG. 21 and the reflection 
plate 67 shown in FIG. 22, and detection of the number 
of rotations of the crank 14 is carried out by the crank 
rotation sensor 120 and the reflection plate 121 shown 
in FIG. 13. 

In this example, the case where rotation (speed) of 
the crank 14 is higher than rotation (speed) of the motor 
31 means the case where rotation (speed) of the crank 
14 is above rotation (speed) of the motor 31 at very 
small time (period) such as the time when driver begins 
to step on the pedals, etc. 

In the speed check of the step ST13-6 of FIG. 42, in 
the case where speed of the motor-operated bicycle 
1000 is higher than 0 or 24 KnVh, the central processing 
circuit 101 shown in FIG. 15 allows the coil cut relay 
section 200 to be turned OFF on the basis of the judg- 
ment that assist of driving force by the motor 31 is 
unnecessary to allow the assist quantity of driving force 
to be zero (0). 

On the other hand, in the case where the motor- 
operated bicycle is assumed to travel at speed which is 
equal to 24 Km/h or speed which is lower than that and 
is not equal to zero (0). e.g., 10 Km/h, the processing 
operation shifts to the subroutine which calculates 
assist quantity of driving force at step ST13-7. It is to be 
noted that assist quantity of driving force can be calcu- 
lated by speed and acceleration of the motor-operated 
bicycle 1000 and inclination of the road surface. 

FIG. 43 is a view showing an example of timing of 
assist of driving force by the motor 31 in the case where 
the motor-operated bicycle 1000 shown in FIG. 1 travels 
in various modes. 

In FIG. 43, as mode (A), there are modes labeled 0 
to 12, As shown in FIG. 44, the mode 0 indicates the ini- 
tial state, the mode 1 indicates the brake state, the 
mode 2 indicates stop state, the modes 3 to 5 indicate 
acceleration traveling state, the nrtode 6 indicates inertia 
traveling state, the mode 7 indicates constant traveling 
state, the mode 8 indicates deceleration traveling state, 
the modes 9 and 10 indicate descending traveling state, 
and the modes 11 and 12 indicate ascending traveling 
state. (B) to (H) of FIG. 43 indicate operation states of 
various portions in correspondence with the mo6e (A). 

Initially, in the initial state of the mode 0, the main 



switch is in OFF state or the secondary battery 40 
shown in FIG. 15 is in battery dead state, and the motor 
31 is in free state, driver can move the motor-operated 
bicycle 1000 by moving it by hand, or he can ride as 
ordinary bicycle. Assist quantity of driving force from the 
motor 31 is equal to zero (0). 

In the brake state of the mode 1 . even if the main 
switch is turned ON as shown in FIG. 43(B), since driver 
operates the front brake lever 12a or the rear brake lever 
12b shown in FIG. 5. the front brake sensor 130 or the 
rear brake sensor 140 is caused to be preferential to 
other sensors. For this reason, assist quantity of driving 
force of FIG. 43(G) is equal to zero (0). At this time, 
there may be employed, e.g.. an approach to allow 
assist quantity of driving force of the motor 31 to be neg- 
ative, i.e.. to allow the motor to be in inverse torque 
mode to utilize the motor 31 as an electromagnetic 
brake to enhance the braking effect. 

In the mode 2 of FIG. 43, since the motor-operated 
bicycle 1000 is in stopped state and the motor 31 is in 
free state, user can freely (desirably) move the motor- 
operated bicycle by hand. 

The modes 3 to 5 of FIG. 43 indicate the accelera- 
tion traveling state. Since the mode 3 is the acceleration 
state (less than 15 Km/h) where the motor 31 and the 
crank 14 are synchronized with each other, the motor 31 
carries out assist of driving force by one half (1/2) of 
necessary work load. 

In the mode 4. the motor 31 and the crank are syn- 
chronized with each other and the motor-operated bicy- 
cle is in acceleration state within the range from 15 to 24 
Km/h. Ratio of assist quantity of the driving force of the 
motor 31 gradually decreases from 1/2. 

In the mode 5. the motor 31 and the crank 14 are 
synchronized with each other and the motor-operated 
bicycle is in acceleration state equal to 24 Km/h or 
more. Assist quantity of driving force to the rear wheel 
by the motor 31 is eliminated, whereby energization to 
the motor 31 is not carried out. 

In the mode 6 of FIG. 44. in the state where the 
motor 31 and the aank 14 are not synchronized with 
each other, i.e.. in the case where the motor-operated 
bicycle carries out inertia traveling such that driver stops 
application of leg-power (step-on force) by the pedal, 
assist quantity of driving force of the motor 31 is elimi- 
nated irrespective of speed, whereby energization to 
the motor 31 is not carried out. 

In the mode 7, the motor-operated bicycle is in con- 
stant speed state where the motor 31 and the crank 14 
are synchronized with each other. The motor 31 carries 
out assist of driving force similarly to the acceleration 
traveling state in the modes 3 to 5. 

In the mode 8, the motor-operated bicycle is in the 
deceleration state where the motor 31 and the crank 14 
are synchronized with each other. In this this, the motor 
31 carries out assist of driving force similarly to the 
acceleration traveling state in the modes 3 to 5. 

The modes 9 and 10 indicate the descending 
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traveling state. In this mode, the motor-operated bicycle 
1000 travels on the down hill in the state where the 
motor 31 and the crank 14 are not synchronized with 
each other. Accordingly, assist quantity of driving force 
of the motor 31 is equal to zero (0) irrespective of 5 
speed, and energization to the motor 31 is not carried 
out. In the mode 10, the motor-operated bicycle is in the 
acceleration state where the motor 31 and the crank 14 
are synchronized with each other, and travels on the 
down hill. Even in this case, assist quantity of driving 
force of the motor 31 Is equal to zero (0) irrespective of 
speed, and energization to the motor 31 is not carried 
out. 

In the modes 1 1 and 12. the motor-operated bicycle 
1000 travels on the rising hill in the state where the 
motor 31 and the crank 14 are synchronized with each 
other. Accordingly, assist quantity of driving force of the 
motor 31 corresponding to speed is multiplied by coeffi- 
cient by angle of slope, and assist quantity of predeter- 
mined driving force of the motor 31 is applied to the rear 
wheel 17. 

In the mode 12, the motor-operated bicycle travels 
on a steep rising hill in the state where the motor 31 and 
the crank 14 are synchronized with each other. In this 
case, coefficient by angle of slope is further increased. 
It is here noted that assist quantity of driving force is lim- 
ited by the characteristic of the motor 31 . 

It is to be noted that, in the case of rising hill, even 
if the crank 14 is not temporarily synchronized with the 
motor 31 , assist of driving force of quantity such that the 
motor 31 and the rear wheel 1 7 as a drive wheel are not 
stopped is continued. 

In the modes 0 to 12 of FIG. 44, at the time of accel- 
eration of the modes 3 to 5, the crank rotation sensor 
120 of FIG. 43(D) detects rotation speed of the crank in 
the state where driver steps on the peda! so that the 
motor-operated bicycle is accelerated. Moreover, also in 
the modes 6 to 12, the above-mentioned sensor 120 
detects rotation speed of the crank. The speed sensor 
1 10 of FIG. 43(E) detects speed of the motor-operated 
bicycle 1000 in the modes 3 to 12. The inclination sen- 
sor 90 of FIG. 43(F) detects inclination angle of the 
motor-operated bicycle 1000 at down hill and rising hill 
of the modes 9 to 12. Assist quantity of driving force of 
FIG. 43(G) Is given at the time of acceleration of the 
modes 3, 4, the modes 7, 8 and the modes 11,12. 

The coil cut relay section 200 of FIG. 43(H) controls 
the motor 31 so as to turn ON or OFF it in correspond- 
ence with respective modes. 

An example of the operation pattern of the motor- 
operated bicycle 1000 of FIG. 45 will now be described. 
FIG. 45(A) shows an example of the traveling pattern of 
the motor-operated bicycle 1000, and shows, as a more 
practical example, the flat road surface T1 . the ascend- 
ing road surface T2, the flat road surface T3, the 
descending road surface T4 and the flat road surface 
T5. 

FIG. 45(B) shows inclination signal INS of the incli- 



nation sensor 90, and FIG. 45(C) shows aank rotation 
signal CRS of the crank rotation sensor 120. FIG. 45 (D) 
shows speed signal VS of the speed sensor 110. FIG. 
45(E) shows speed signal obtained from the speed sen- 
sor 1 10 and acceleration signal AS obtained by differen- 
tiating it, and FIGS. 45(F), (G) show ON/OFF signals of 
the front brake sensor 130 and the rear brake sensor 
140. 

FIG. 45(H) shows ON/OFF signal of the coil cut 
relay section (drive side relay) 200 of FIG. 15, and FIG. 
45(1) shows ON/OFF signal of the charge circuit relay 
section 250 of FIG. 45(1). 

Moreover, in FIG. 45, the section from the initial 
position of the flat road surface T1 to the middle portion 
of the flat road surface T3 is indicated by the section 
TL1, the section from the middle portion of the flat road 
surface T3 to the middle portion of the descending road 
surface T4 is indicated by the section TL2, and the sec- 
tion from the middle portion of the descending road sur- 
face T4 to the position at which the motor-operated 
bicycle 1000 is stopped is indicated by the section TL3. 

In the traveling pattern of the motor-operated bicy- 
cle 1000 as shown in FIG. 45, respective portions 
become operative in a manner as described below. 

When the motor-operated bicycle 1000 travels on 
the flat road surface T1 of the section TL1 of FIG. 45(A), 
the coil cut relay section 200 is turned ON. As a result, 
the motor 31 is driven so that assist driving force is 
applied to the rear wheel 17. Since corresponding road 
surface is the flat road surface T1 . output of the inclina- 
tion sensor 90 is equal to zero (0). Since driver applies 
leg-power (step-on force) to the pedal of the motor- 
operated bicycle 1000, aank rotation signal CRS is out- 
putted. Speed signal VS of the speed sensor 110 and 
acceleration signal AS based thereon are delivered to 
the central processing circuit 101 of FIG. 2 in depend- 
ency upon the traveling state. 

When the motor-operated bicycle 1000 comes from 
the flat road surface T1 to the ascending road surface 
T2, leg-power (step-on force) of the pedal of driver is 
increased. At this time, the inclination sensor 90 outputs 
inclination signal INS indicating that corresponding road 
surface is ascending and speed signal VS of the speed 
sensor 1 10 is slightly lowered. Followed by this, acceler- 
ation signal AS Is changed (fluctuated). 

When the motor-operated bicycle 1000 shifts 
(moves) from the ascending road surface T2 to the flat 
road surface T3, leg-power (step-on force) of the driver 
is decreased. When driver then increases leg-power 
(step-on force), the motor-operated bicycle 1000 is 
accelerated. Thus, speed signal VS of the speed sensor 
110 is increased. When the driver greatly applies leg- 
power (step-on force) with respect to the pedal from the 
middle portion of the flat road surface T3, speed per 
hour of the motor-operated bicycle 1000 is 24 Km/h or 
more. For this reason, the coil cut relay section 200 of 
the motor 31 is turned OFF at time point t1 of the end of 
the section TL1 . Namely, for a time period t2 entering 
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from the section TL1 to the section TL2, the coil cut 
relay section 200 is in OFF state. Accordingly, drive of 
the motor 31 is stopped. Thus, there results no assist of 
driving force to the rear wheel 17. 

When the motor-operated bicycle 1000 comes on s 
the descending road surface T4 shown in FIG. 45(A). 
the inclination sensor 90 outputs descending inclination 
signal INS. and the driver stops application of leg-power 
(step-on force) to the pedal. Accordingly, the signal CRS 
of the crank rotation sensor 120 becomes equal to zero 
(0) at time point t3. When the motor-operated bicycle 
1000 comes to the middle portion of the descending 
road surface T4, the driver applies brake to the rear 
wheel 17 at time point t4. Thus, value of the speed sig- 
nal VS of the speed sensor 1 10 is gradually lowered. As 
a result the acceleration signal AS indicates minus. At 
this time point t4, the charge circuit relay section 250 
shown in FIG. 45 (I) is turned ON by command from the 
central processing circuit 101 . Namely, since the charge 
circuit relay section 250 is turned ON at the time point t4 
in the state where the coil cut relay section 200 of FIG. 
2 is turned OFF, the motor 31 functions as a generator. 
Thus, the motor 31 starts charge operation with respect 
to the secondary battery 40 of FIG. 15. 

At the time point t5 when the motor-operated bicy- 
cle 1000 has completely descended on the descending 
road surface T4 and comes to the flat road surface T5 
for a second time, inclination signal INS of the inclina- 
tion sensor 90 becomes equal to zero (0), and value of 
the speed signal VS of the speed sensor 1 10 is further 
reduced. At time point t6 of the flat road surface T5, 
driver applies brake to both the front wheel 16 and the 
rear wheel 17 as shown in FIGS. 45(F), (G). Thus, the 
motor-operated bicycle is stopped at time point t7. 

As stated above, since assist of driving force of the 
motor 31 is required at the section TL1 , the coil cut relay 
section 200 is turned ON. As a result, drive of the motor 
31 is carried out. Thus, assistant driving force is applied 
to the rear wheel 1 7. Since assist of driving force to the 
rear wheel 17 by the motor 31 becomes unnecessary 
when the motor-operated bicycle comes to the section 
TL2. the coil cut relay section 200 is turned OFF Thus, 
regenerative current of the motor 31 does not flow. 
Accordingly, it is not prevented that the motor-operated 
bicycle 1 000 travels by inertia. Further, since the section 
TL3 is descending hill, the motor-operated bicycle 1000 
travels by self weight. For this reason, the rrrotor 31 is 
permitted to function as a generator. Thus, charge oper- 
ation is carried out with respect to the secondary battery 
40. 

It is to be noted that the case where the motor 31 is 
caused to be driven at the section TL1 to apply assistant 
driving force to the rear wheel 17 Is the case where 
speed per hour of the motor-operated bicycle 1000 is 
less than set speed, e.g., 24 Kmyh. At this time, It is nec- 
essary that brakes of the front wheel 16 and the rear 
wheel 1 7 are in OFF state, signal CRS of the crank rota- 
tion sensor 120 is outputted, and corresponding road 



surface is ascending hill or flat road surface. 

Moreover, in the section TL3, when the rear brake is 
turned ON in the state where the coil cut relay section 
200 is turned OFF, the rear brake sensor 140 is turned 
ON. As a result, rear brake signal TBS is delivered to 
the central processing circuit 101. Thus, the central 
processing circuit 101 outputs charge control signal 
PSS to allow the charge circuit relay section 250 to be 
turned ON. As a result, the motor 31 acts (functions) as 
generator. Thus, it is possible to carry out regenerative 
brake and charge operation. 

Regenerative brake quantity at the section TL3 can 
be controlled by current of regeneration of the motor 31 
acting as generator. For example, there may be also 
employed an approach to set angles of potentiometers 
130a. 140a shown in FIG. 7 by angle of the front brake 
lever 12a or the rear brake lever 12b of FIG. 5 to thereby 
permit control of current value of regeneration. 

Further, when the front brake sensor 130 or the rear 
brake sensor 140 like micro switch is turned ON as 
shown in FIG. 6. its brake quantity is detected from 
deceleration state (negative acceleration information) to 
apply, e.g., brake force of %o corresponding thereto to 
the motor 31 acting (functioning) as the generator, 
thereby making it possible to smoothly apply assistant 
force of the motor-operated bicycle brake. 

An approach may be also employed to control the 
motor 31 utilized as generator so that when brake is 
applied to a degree such that deceleration is not carried 
out on the down hill, such a brake quantity to maintain 
speed at that time point is provided. At this time, the 
traveling information detecting unit 100 detects by the 
inclination sensor, the brake sensor or the acceleration 
information, etc. whether brake is applied to such a 
degree that acceleration is not carried out. 

Moreover, when the nrK3tor 31 is not used for supply 
of assistant driving force, the coil cut relay section 200 
shown in FIG. 15 is turned OFF, thereby permitting the 
motor 31 not to be traveling load when it does not serve 
as supply source of assistant driving force. 

Regenerative cun'ent of the motor 31 acting as the 
generator varies not only by voltage of the generating 
side by speed, but also by the remaining capacity of the 
secortdary battery 40. In view of the above, in order to 
obtain stable control force, an approach may be 
employed to allow current required for charging of the 
regenerative current to flow in the secondary battery 40 
by remaining capacity information from CPU included in 
the secondary battery 40 to consume remaining regen- 
erative current at other portiorts or supplementarily 
charge it. 

In this example, the rear brake is used for the pur- 
pose of smooth deceleration of the motor-operated 
bicycle, and the front brake is used for the purpose of 
stopping the motor-operated bicycle. Thus, strong brake 
force of the inverse torque mode is quickly generated at 
the rear wheel or the front wheel, thus making It possi- 
ble to realize stable traveling stop operation. 
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In the motor-operated bicycle according to this 
invention, the traveling information detecting unit 100 
serving as traveling information grasping means grasps 
(recognizes) traveling state on the basis of speed infor- 
mation, i.e., speed signal VS obtained from the speed 5 
sensor 110 of the motor 31 integrally attached to the 
rear wheel 17 constituting the rotating portion of the 
bicycle, in this case, since the speed sensor 110 is not 
in contact with the rotor RT of the motor 31 rotating in 
one body with the rear wheel 17. there is no possibility 
that mechanical addition is made with respect to the 
rotor RT of the motor in order to obtain speed informa- 
tion. 

Further, the drive force assist mechanism estimates 
acceleration signal AS which is speed change informa- 
tion that driver intends to give, i.e., intention of driver, 
which is obtained from the traveling information detect- 
ing unit 100 serving as traveling information grasping 
means to assist driving force in conformity with the 
intention of the driver. From this fact, unlike the conven- 
tional system in which the mechanical torque sensor is 
used to calculate one half (1/2) of torque of leg-power 
(step-on force) by driver to apply assistant driving force 
which is one half (1/2) of that leg-power (step-on force) 
from the motor, there is employed In this invention such 
a system that the motor 31 is caused to be driven in cor- 
respondence with the current traveling state and faith- 
fully with respect to the driver's intention in the state 
where such mechanical addition is not made with 
respect to the rotating portions of the motor-operated 
bicycle, thus nnaking it possible to deliver assistant driv- 
ing force to the rear wheel 17 as the drive wheel. 

Further, as shown in FIGS. 16 and 1 7, motor of the 
direct coupling type is used with respect to the rear 
wheel 17. Namely the stator ST of the motor 31 is inte- 
grally provided directly at the shaft 51 corresponding to 
the wheel shaft of the motor-operated bicycle 1000. 
Accordingly, in the motor-operated bicycle convention- 
ally used, driving force of the motor is transmitted to the 
rear wheel through the gear box. As a result, there were 
the problems that power transmission loss by gear 
takes place and/or the motor is large sized and is heavy 
in weight. However, the motor 31 according to this 
invention has all solved these problems. 

Further, the rotor RT of the motor 31 is positioned at 
the outside with respect to the stator ST, and the motor 
31 is the outer rotor type motor. By using this outer rotor 
type motor, the rotor RT can be directly connected to the 
spokes 17p of the rear wheel 17. Thus, the structure is 
simplified and light-weight Is realized. 

In addition, when the drive coils of the stator of the 
motor are energized, the rotor rotates relative to the sta- 
tor to move the moving apparatus. In this instance, even 
if the drive coils of the stator are heated, that heat is 
radiated through the stator holder 63 and the radiator 64 
constituting the radiating means. Thus, failure or deteri- 
oration of the motor can be suppressed. In addition, 
even if the drive coils are heated in the case where the 



motor functions as the generator, that heat can be simi- 
larly radiated through the stator holder 63 and the radi- 
ator 64. 

Particularly, if fins are provided at the radiator 64, its 
radiating efficiency can be further improved. If radiator 
is forced into the stator side, it can be attached with 
ease. Further, fins provided at the radiator 64 are 
caused to be in parallel to movement direction of mov- 
ing apparatus, thereby making it possible to efficiently 
cool the fins in movement. Since electric power supply 
lines for energizing the drive coils of the stator are con- 
nected to the drive coils through the radiator 64 of the 
stator side from the outside, drawing of the electric 
power supply lines is easy. 

In the case where this invention is applied to the 
motor-operated bicycle, the term of the rotating portion 
is the concept indicating at least one of the rear wheel 
and the front wheel, or the concept including the crank 
In addition thereto. In addition, this invention can be 
widely applied not only to motor-operated bicycle as 
described above, but also to moving apparatus such as 
wheelchair, or carrying vehicle operated mainly by 
human power, or automotive vehicle as toy or other 
vehicle toys, etc. In the case where this invention is 
applied to such wheelchair or carrying vehicle, the rotat- 
ing portion such as auxiliary wheel, etc. also constitutes 
the rotating portion of this invention. 

While lithium ion battery capable of outputting high 
voltage and having excellent discharge characteristic is 
used as the secondary battery of the above-described 
motor-operated bicycle, other chargeable secondary 
batteries such as Ni-MH (Nickel-Metal halide) battery 
etc. may be used. 

Meanwhile, in the case where lithium ion battery is 
used as the secondary battery, there may be employed 
a configuration as described below. For example, as 
shown in FIG. 33, moving coil type pointer voltage meter 
may be used as the current detector 706, the voltage 
detector 707 or the remaining distance display section 
709 to approximately display detection value by pointer 
on the scale display plate thus to permit driver to con- 
firm current value or voltage value and remaining dis- 
tance display by visual observation. 

In addition, while the motor is disposed in corre- 
spondence with the wheel shaft of the rear wheel in the 
above-mentioned motor-operated bicycle, the motor 
may be directly disposed on the crank shaft or may be 
directly disposed on the front wheel. 

Industrial Applicability 

As described above, since the moving apparatus 
according to this invention detects rotation speed of the 
rotating portion in a non-contact manner with respect to 
the rotating portion such as wheel, etc. to detect 
traveling state to deliver, from the driving force assist 
mechanism, assistant driving force corresponding to 
speed change information that a person who operates 
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the moving apparatus intends to give on the basis of the 
detected traveling information to carry out traveling, 
even in the case where traveling by only human power 
becomes difficult, smooth traveling can be realized. 

Particularly, since detection of the traveling state is s 
detected in a non -contact manner with respect to the 
rotating portion, it is possible to can-y out detection of 
traveling state without applying great load to the moving 
apparatus. Thus, traveling by only human power can be 
prevented from being impeded. io 

In addition, since the driving force assist mecha- 
nism is directly connected to the wheel, miniaturization 3. 
can be made. Thus, light-weight of the moving appara- 
tus can be realized. 

75 

Claims 

1. A moving apparatus provided with a drive wheel 
operated by human power and a driving force assist 4. 
unit for additionally applying driving force to the 20 
drive wheel in addition to human power in depend- 
ency upon traveling state, 

the moving apparatus comprising: 

traveling information detecting means for 25 
detecting, in a non-contact manner, with 
respect to a rotating portion, rotation speed of 
the rotating portion to detect traveling state; 
driving force assist means for applying, to the 
drive wheel, driving force corresponding to 30 
speed change information that a person who 
operates the moving apparatus intends to give, 
which is detected on the basis of traveling state 
information detected by the traveling informa- 
tion detecting means; 35 5. 
an electric power source for carrying out supply 
of electric power to the driving force assist 
means. 

2. A moving apparatus as set forth in claim 1 , 40 

which comprises 

6. 

inclination state detecting means for detecting 
inclination state of the moving apparatus, 
constant speed traveling driving force detecting 45 
means for determining constant speed 7. 
traveling driving force required for maintaining 
traveling speed in constant speed state on the 
basis of speed information detected by the 
traveling information detecting means and tndi- so 
nation information detected by the inclination 
state detecting means, 8. 
acceleration traveling driving force detecting 
means for determining acceleration traveling 
driving force corresponding to speed change ss 
information that the person who operates the 
moving apparatus intends to give, which is 
detected on the basis of traveling information 
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detected by the traveling information detecting 
means, and 

assistant driving force detecting means for 
determining assistant driving force delivered to 
the driving force assist means on the basis of 
the constant speed traveling driving force 
determined by the constant speed traveling 
driving force detecting means and the acceler- 
ation driving force determined by the accelera- 
tion traveling driving force detecting means. 

A moving apparatus as set forth in claim 2, 

which comprises a brake mechanism for car- 
rying out braking of the moving apparatus, whereby 
when the brake mechanism is operated, supply of 
electric power to the driving force assist means is 
stopped. 

A moving apparatus as set forth in claim 2, 
which comprises 

a rotational operation portion operated by oper- 
ation of driver, and 

a drive wheel adapted so that when rotation 
force of the rotational operation portion is trans- 
mitted thereto so that it is rotated. 

whereby when rotation of the drive 
wheel and rotation of the rotational operation 
portion are synchronized with each other, or 
when rotation of the rotational operation por- 
tion is above rotation of the drive wheel from 
the synchronized state, drive operation of the 
driving force assist means is candied out. 

A moving apparatus as set forth in claim 4, 

which comprises means for carrying out, in a 
switching manner, transmission of driving force that 
the driving force assist means drives the drive 
wheel In a manner preferential to rotation of the 
rotational operation portion. 

A moving apparatus as set forth in claim 1 , 

wherein the electric power source is a 
chargeable secondary battery 

A moving apparatus as set forth in claim 2, 

wherein when the drive wheel receives driv- 
ing force from the external of the apparatus, the 
driving force assist means functions as electromag- 
netic brake. 

A movement control method for a moving appara- 
tus provided with a drive wheel operated by human 
power, and a driving force assist unit for additionally 
applying driving force to the drive wheel in addition 
to human power in dependency upon traveling 
state, 

the movement cont'd metiiod comprising 
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the steps of: 

detecting, in a non-contact manner, with 
respect to a rotating portion, rotation speed of 
the rotating portion to detect traveling state; s 
detecting driving force corresponding to speed 
change information that a person who operates 
the moving apparatus intends to give on the 
basis of the detected traveling state informa- 
tion; and 10 
conducting a control so as to apply the 
detected driving force to the drive wheel from 
the driving force assist means driven by an 
electric power source. 

15 

9. An electric motor for a moving apparatus provided 
with a drive wheel driven by human power and 
adapted for additionally applying driving force to the 
drive wheel in addition to human power in depend- 
ency upon traveling state. 20 

the electric motor comprising: 

a rotor adapted so that a rotor yoke and a rotor 
magnet which form a magnetic circuit are 
accommodated within an accommodating ss 
member rotating in one body with the drive 
wheel; and 

a stator attached to the fixed portion side of the 
moving apparatus and disposed in a manner 
coaxial with the rotor within the accommodat- 30 
ing member, and including an iron core on 
which drive coil is wound in a circunrferential 
direction of the rotor magnet in a manner oppo- 
site to the rotor magnet; 

35 

to supply electric power to the drive coil to 
thereby rotate the rotor and the drive wheel in one 
body. 

10. An electric motor for a moving apparatus as set 40 
forth in claim 9, 

wherein the accommodating member for 
accommodating the rotor comprises a housing 
opened at one end surface side in order to accom- 
modate the stator in a manner coaxial with the rotor, 45 
and a housing cap attached to the opened one end 
surface side of the housing, and 

wherein the stator is disposed within the 
accommodating member by tiie housing and the 
housing cap of the rotor. so 

11. An electric motor for a moving apparatus as set 
forth in claim 10, 

wherein a first bearing for rotatably support- 
ing the accommodating member with respect to a 55 
shaft of a fixed portion on which the stator is fixed is 
provided at the housing, and the housing cap is pro- 
vided with a second bearing for rotatably supporting 
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the accommodating member with respect to the 
shaft of the drive wheel located at the stator side. 

12. An electric motor for a moving apparatus provided 
witii a drive wheel driven by human power and 
adapted for additionally applying driving force to the 
drive wheel in addition to human power in depend- 
ency upon traveling state, 

the electric motor comprising: 

a stator provided with a drive coil attached to a 
fixed portion of the moving apparatus; 
a rotor provided with a magnet rotatably sup- 
ported with respect to tiie stator; and 
radiating means disposed at the stator side and 
adapted for radiating heat that the drive coil of 
the stator produces. 

13. An electric motor for a moving apparatus as set 
forth in claim 12, 

wherein the radiating means is fixed at the 
stator, and is provided with fins for radiation 
arranged in parallel along movement direction of 
the moving apparatus. 

14. An electric motor for a moving apparatus as set 
fortii in claim 12, 

wherein the radiating means is fixed at the 
stator side by forcing it thereinto, 

15. An electric motor for a moving apparatus as set 
fortii in claim 12, 

wherein an electric power supply line for 
supplying electric power to the drive coil of the sta- 
tor is disposed at the drive coil side through the 
radiating means from the external. 

16. An electric motor for a moving apparatus as set 
fortii in claim 15, 

wherein the electric power supply line is held 
by tiie radiating means. 

17. A moving apparatus comprising: 

a drive wheel operated by human power; 
an electric motor for additionally applying driv- 
ing force to the drive wheel in addition to 
human power in dependency upon traveling 
state; 

a chargeable secondary battery for driving the 
electric motor; and 

a remaining f aveling distance display unit for 
detecting voltage of the secondary battery to 
detect remaining capacity of the secondary 
battery to display remaining traveling distance 
of the moving apparatus on tiie basis of the 
detected remaining capacity. 
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18. A moving apparatus as set forth in claim 17. 

wherein the secondary battery is detachably 
provided at the apparatus body along with the 
remaining traveling distance display unit. 

5 

19. A moving apparatus comprising: 

a drive wheel operated by human power; 
an electric motor for additionally applying driv- 
ing force to the drive wheel in addition to io 
human power in dependency upon traveling 
state: 

an electric power source for driving the electric 
motor; and 

function switching control means such that in is 
the case where it is judged that the state of 
road surface on which the moving apparatus 
moves requires assist of a portion of driving 
force for moving the moving apparatus, it drives 
the electric motor, while in the case where it is 20 
judged that the state of the road surface on 
which the moving apparatus moves does not 
require assistant driving force for moving the 
moving apparatus, it allows the electric motor 
to function as a generator. 25 

20. A moving apparatus as set forth in claim 19. 

wherein the case where the state of the road 
surface requires assist of a portion of driving force 
for moving the moving apparatus is the case of ris- 30 
ing hill, and the case where the state of the road 
surface does not require assistant driving force for 
moving the moving apparatus is the case of a por- 
tion of fiat road surface or down-hill. 
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